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In the molecule of the title compound, C 31 H3 6 N 2 05, the 
piperazine ring displays a chair conformation. The dihedral 
angle between the benzene rings of the bis(4-methoxyphenyl)- 
methyl group is 83.42 (15)°. In the crystal, centrosymmetric- 
ally related molecules are linked through pairs of C— H- ■ O 
hydrogen bonds into dimers, generating an RliW) ring motif. 
The dimers are further connected into chains parallel to [210] 
by C— H- ■ O hydrogen bonds involving the methoxy groups. 

Related literature 

For a related structure and background to cinnamic acid 
derivatives, see: Teng et at (2011); Zhong et at (2012). For 
synthetic details, see: Wu et at (2008). 



Triclinic, PI 
a = 8.7450 (17) A 
b = 11.635 (2) A 
c = 13.967 (3) A 
a = 84.07 (3)° 
P = 78.80 (3)° 
y = 80.48 (3)° 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

Absorption correction: \ft scan 
(North eta/., 1968) 
7mi„ = 0.975, r m „ = 0.992 

5385 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.061 

wR(F 2 ) = 0.185 

S = 1.00 

5029 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1371.1 (5) A 
Z = 2 

Mo Ka radiation 
li = 0.09 mm -1 
T = 293 K 

0.30 x 0.20 x 0.10 mm 



5029 independent reflections 
2919 reflections with / > 2a(l) 
R inl = 0.024 

3 standard reflections every 200 
reflections 
intensity decay: 1% 



343 parameters 

H-atom parameters constrained 
Ap max = 0.20 e A~ 3 



-0.23 e A" 



D-H- - A 


D-H 


H-A 


D-A 


D-H- - A 


cn-miA- ■ 02' 


0.97 


2.44 


3.286 (4) 


146 


C22-B22A- ■ 03" 


0.93 


2.60 


3.476 (3) 


157 


Symmetry codes: (i) — x, 


-y +2,-z- 


h 1; (ii) -x + 2, - 


-y + 1, -z + 1. 





Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell 
refinement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms & 
Wocadlo,1995); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); 
software used to prepare material for publication: SHELXTL 
(Sheldrick, 2008). 

The authors thank Professor Hua-Qin Wang of the Analysis 
Centre, Nanjing University, for the diffraction measurements. 
This work was supported by the Natural Science Foundation 
of Jiangsu Province (No. BK2010538). 
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Experimental 

Crystal data 

C 31 H 36 N 2 05 M r = 516.62 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2721). 
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(f)-1-{4-[Bis(4-methoxyphenyl)methyl]piperazin-1-yl}-3-(4-ethoxy-3-methoxy- 
phenyl)prop-2-en-1 -one 

Yan Zhong, Xiao-Ping Zhang and Bin Wu 

Comment 

As a continuation of our study on the characterization of cinnamic acid derivatives (Teng et ah, 2011; Zhong & Wu, 
2012), we present here the crystal structure title compound (I). 

In (I) (Fig. 1), all bond lengths and angles are normal and correspond to those observed in related compounds (Teng et 
ah, 20 1 1 ; Zhong et ah , 20 1 2). The molecule exists in an E configulation with respect to the C2 1=C22 ethene bond 
[1.325 (4) A]. The piperazine ring adopts a chair conformation with puckering parameters Q = 0.569 (3) A, 9 = 4.9 (3)° 
and <p = 4(4)°. In the crystal (Fig. 2), centrosymmetrically related molecules are linked by intermolecular C — H— O 
hydrogen bonds into dimers (Table 1), generating an R 2 2 (10) ring motif. The dimers are further connected into chains 
parallel to the [2-10] direction by intermolecular C — H—O hydrogen bonds involving the 02 methoxy oxygen atom. 

Experimental 

The synthesis follows the method of Wu et al. (2008). The title compound was prepared by stirring a mixture of (E)-3-(4- 
ethoxy-3-methoxyphenyl) acrylic acid (0.889 g; 4 mmol), thionyl chloride (2 ml) and dichloromethane (30 ml) for 6 h at 
room temperature. The solvent was removed under reduced pressure. The residue was dissolved in acetone (15 ml) and 
reacted with l-(bis(4-methoxyphenyl)methyl)iperazine (1.874 g; 6 mmol) in the presence of triethylamine (5 ml) for 12 h 
at room temperature. The resultant mixture was cooled. The solid obtained was filtered and was recrystallized from 
ethanol. The colourless single crystals of the title compound used for X-ray diffraction studies were grown by slow 
evaporation at room temperature of an ethanohethyl acetatexhloroform (3:1:1 v/i>v/i>v) solution. 

Refinement 

All hydrogen atoms were positioned geometrically with C — H distances ranging from 0.93 A to 0.98 A and refined as 
riding on their parent atoms, with {/ iS0 (H) = 1.2 or 1.5(7 eq (C). 

Computing details 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell refinement: CAD-4 EXPRESS (Enraf-Nonius, 1994); data 
reduction: XCAD4 (Harms & Wocadlo,1995); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); 
software used to prepare material for publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the title compound with displacement ellipsoids drawn at the 50% probability level. 




Figure 2 

Packing diagram of the title compound, with intermolecular C — H— O hydrogen bonds drawn as dashed lines. 



-{4-[Bis(4-methoxyphenyl)methyl]piperazin-1 -yl}-3-(4-ethoxy-3- methoxyphenyl)prop-2-en-1 -one 



Crystal data 

C 31 H 36 N 2 0 5 
M r = 516.62 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.7450 (17) A 
b = 11.635 (2) A 
c= 13.967 (3) A 
a = 84.07 (3)° 
yS = 78.80 (3)° 



7= 80.48 (3)° 
V= 1371.1 (5) A 3 
Z=2 

P(000) = 552 

£> x = 1.251 Mgrn" 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 25 reflections 

9= 10-13° 

fi = 0.09 mm" 1 
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T=293 K 
Block, colourless 

Data collection 

Enraf-Nonius CAD-4 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co/20 scans 

Absorption correction: yj scan 

(North et al, 1968) 
r mm = 0.975, IT max = 0.992 
5385 measured reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F>2a(F 2 )] = 0.061 

wR(F 2 ) = 0.\%5 

S = 1.00 

5029 reflections 

343 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



0.30 x 0.20 x 0.10 mm 



5029 independent reflections 
2919 reflections with I> 2a{I) 
R mt = 0.024 

^max 25.4 , ^min 1.5 

h = 0— >10 
& = -13->14 
/ = -16— 16 

3 standard reflections every 200 reflections 
intensity decay: 1% 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w=ll[o 2 (F 2 ) + (0.lP) 2 ] 

where P = (F 2 + 2F c 2 )/3 
(A/a) max < 0.001 
A/w = 0.20 e A~ 3 
Ap mm = -0.23 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > aiF 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 1 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II *IU 


Nl 


0.3768 (3) 


0.8993 (2) 


0.66703 (15) 


0.0501 (6) 


01 


0.3423 (3) 


1.1578 (2) 


1.05560 (15) 


0.0756 (7) 


CI 


0.2360 (3) 


0.9243 (2) 


0.74301 (19) 


0.0524 (7) 


H1A 


0.2019 


0.8499 


0.7710 


0.063* 


N2 


0.6239 (3) 


0.7536 (2) 


0.55113 (16) 


0.0559 (6) 


02 


-0.2833 (2) 


1.2435 (2) 


0.64559 (17) 


0.0733 (6) 


C2 


0.2737 (3) 


0.9857 (2) 


0.82438 (19) 


0.0481 (7) 


03 


0.8333 (2) 


0.61556 (18) 


0.55887 (15) 


0.0711 (7) 


C3 


0.2196(4) 


0.9519(3) 


0.9210(2) 


0.0589 (8) 


H3A 


0.1641 


0.8888 


0.9359 


0.071* 


04 


0.5773 (2) 


0.47350(19) 


0.10257 (15) 


0.0667 (6) 


C4 


0.2464 (4) 


1.0103 (3) 


0.9958 (2) 


0.0646 (8) 


H4A 


0.2094 


0.9858 


1.0604 


0.077* 


05 


0.8391 (2) 


0.36390 (17) 


0.01711 (14) 


0.0619 (6) 
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C5 


0.3265 (3) 


1 1 AO C /O \ 

1 .1036 (3) 


0.9/61 (I) 


A ACCOi /*7\ 

0.0552 (/) 


C6 


0.383 / (4) 


1.1383 (3J 


0.8803 (2) 


0.0605 (8) 


H6A 


f\ A A AO 

0.4403 


1 O AAO 

1.2008 


A O H£ A 

0.8660 


A ATO sfc 

0.073* 


C / 


0.3559 (3) 


1.0/90 (3) 


U.8U6U (z) 


A (\ZHH fQ\ 
U.U56 / (5) 


T T*7 A 

H7A 


A O A A 1 

0.3941 


1 1 AO 1 

1.1031 


A T /I 1 A 

0.7414 


A A^O A 

0.068^ 


Co 


A 1 AA 1 ^Ti 

U.1UU1 (3) 


A AAAA ZO\ 

0.9999 (2) 


A TA"3/CC A\ 

0. /U363 (iyj 


A A A A/1 /"7N 

U.U4y4 (/) 


C9 


U.1ZZ4 (3) 


1 AAT2 

l.Uy 15 (3) 


U.63y / (ZJ 


A Az;/1 A /A\ 

u.u64y (y) 


T TA A 

H9A 


0.2248 


1.1088 


0.6117 


A AT O sk 

0.078* 


pin 
CiU 


A AA1 O 

— U.UU13 (4) 


1. 1 / /y (3j 


U.616U (Z) 


a c\HHn /'o^ 
U.U66/ (yj 


H10A 


0.0175 


1.2419 


0.5721 


A AOAik 

0.080* 


Cll 


— U.Idzo (3) 


1.1625 (3 J 


U.6351 (ZJ 


A AC /I A iQ\ 
U.(JD4y (5) 


C12 


A 1 1 A 1 /O \ 

-0.1791 (3) 


1 A /"O z' - /T\ 

1.0636 (3) 


A T 1 O A 

0.7180 (2) 


A AfAA ZO\ 

0.0590 (8) 


TT1 ^ A 

H12A 


A O O 1 O 

—0.2818 


1 AC 1 1 

1.0511 


A HA A A 

0.7440 


A AT 1 A 

0.071* 


/-1 1 o 
C13 


A Af /II /O \ 

-0.0542 (3) 


A AOO O /O \ 

0.9828 (3) 


0.7396 (2) 


A AC A O /T\ 

0.0548 (7) 


TT1 O A 

H13A 


A ATI O 

-0.0738 


A A 1 C H 

0.9156 


A 7TA 1 

0.7791 
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C14 
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1 Off O /")\ 
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H14A 
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1 AAA yl 
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A 1 O 1 * 
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H14B 


A O /'O O 
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1 Tlf 1 
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A 1 O 1 A 

0.131* 
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H14C 
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1 ITT) 

1.2332 


1 AAC1 

1.0052 


A 1 O 1 * 

0.131* 


pi f 

C15 


-0.2520 (4) 


1 O C AO /T\ 
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A C A A 1 /O \ 
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A AAO. O / 1 0-\ 
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TT1 C A 

H15A 


A 1 A (\H 

0.3497 


1 A A 1 A 
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A C O AO 
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0.139* 


HI 513 
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H15C 
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0.139* 


C16 


A 1 yl A /I \ 
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A OO TO /O \ 

0.8373 (3) 


0.5892 (2) 


A ACzTO- /0\ 
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TTI /: A 
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A 0 COO 


A 000 1 
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t t 1 /" r> 

H16B 
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0.7624 
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0.067* 


C17 
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Atomic displacement parameters (A 2 ) 
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0.0549 (19) 


-0.0078 (17) 


-0.0037 


(15) 


0.0068 (1 


7) 


Cll 


0.0455 (17) 


0.074 (2) 


0.0494(17) 


-0.0099 (15) 


-0.0142 


(14) 


-0.0108 


(15) 


C12 


0.0415 (16) 


0.080 (2) 


0.0586 (19) 


-0.0167(16) 


-0.0063 


(14) 


-0.0132 


(17) 


C13 


0.0539 (18) 


0.0634(18) 


0.0494 (17) 


-0.0183 (15) 


-0.0049 


(14) 


-0.0082 


(14) 


C14 


0.120 (3) 


0.075 (2) 


0.080 (3) 


-0.015 (2) 


-0.040 (2) 


-0.0193 


(19) 


C15 


0.070 (2) 


0.083 (3) 


0.122 (3) 


-0.004 (2) 


-0.023 (2) 


0.011 (2) 




C16 


0.0521 (17) 


0.0707 (19) 


0.0474 (16) 


0.0000 (15) 


-0.0137 


(14) 


-0.0184 


(14) 


C17 


0.0540 (18) 


0.0681 (19) 


0.0507 (17) 


0.0064 (15) 


-0.0127 


(14) 


-0.0174 


(15) 


C18 


0.0555 (18) 


0.076 (2) 


0.0602 (19) 


0.0048 (16) 


-0.0217 


(15) 


-0.0292 


(16) 


C19 


0.0618 (18) 


0.0611 (18) 


0.0478 (17) 


0.0037 (15) 


-0.0165 


(15) 


-0.0149 


(14) 


C20 


0.0480 (17) 


0.0551 (17) 


0.0543 (18) 


-0.0028 (14) 


-0.0117 


(14) 


-0.0117 


114) 


C21 


0.0502 (17) 


0.0605 (18) 


0.0540(18) 


-0.0005 (14) 


-0.0141 


(14) 


-0.0165 


(14) 


C22 


0.0497 (17) 


0.0577 (17) 


0.0538 (17) 


-0.0041 (14) 


-0.0144 


(14) 


-0.0119 


(14) 


C23 


0.0471 (16) 


0.0502 (16) 


0.0519(17) 


-0.0027 (13) 


-0.0111 


[13) 


-0.0136 


(13) 


C24 


0.0471 (16) 


0.0548 (17) 


0.0560 (18) 


0.0002 (13) 


-0.0068 


(14) 


-0.0183 


(14) 


C25 


0.0475 (16) 


0.0509 (16) 


0.0534 (17) 


-0.0040(13) 


-0.0118 


(14) 


-0.0140 


(13) 


C26 


0.0540 (17) 


0.0462 (16) 


0.0542 (18) 


-0.0016 (13) 


-0.0096 


(14) 


-0.0139 


(13) 


C27 


0.0517(17) 


0.0572 (18) 


0.0590 (18) 


0.0052 (14) 


-0.0080 


(15) 


-0.0194 


(14) 


C28 


0.0504 (17) 


0.0623 (18) 


0.065 (2) 


0.0033 (15) 


-0.0185 


(15) 


-0.0183 


(15) 
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C29 0.0513 (19) 0.092 (2) 0.085 (2) 

C30 0.0593 (19) 0.0576 (18) 0.0614 (19) 
C31 0.080(2) 0.087(2) 0.060(2) 



0.0076 (18) -0.0230 (17) -0.036 (2) 

-0.0002 (15) 0.0004 (15) -0.0204(15) 
0.0059 (19) -0.0003 (18) -0.0303 (18) 



Geometric parameters (A, ") 


Nl— C16 


1.454 (3) 


C14— H14B 


0.9600 


Nl— C19 


1.466 (3) 


C14— H14C 


0.9600 


Nl— CI 


1.471 (3) 


C15— H15A 


0.9600 


01— C5 


1.373 (3) 


C15— H15B 


0.9600 


01— C14 


1.409 (4) 


C15— H15C 


0.9600 


CI— C8 


1.516(4) 


C16— C17 


1.509 (4) 


CI— C2 


1.517(4) 


C16— H16A 


0.9700 


CI— H1A 


0.9800 


C16— H16B 


0.9700 


N2— C20 


1.342 (3) 


C17— H17A 


0.9700 


N2— C18 


1.454 (3) 


C17— H17B 


0.9700 


N2— C17 


1.462 (3) 


C18— C19 


1.502 (4) 


02— Cll 


1.383 (3) 


C18— H18A 


0.9700 


02— CI 5 


1.415 (4) 


C18— H18B 


0.9700 


C2— C7 


1.375 (4) 


C19— H19A 


0.9700 


C2— C3 


1.379(4) 


C19— H19B 


0.9700 


03— C20 


1.233 (3) 


C20— C21 


1.482 (4) 


C3— C4 


1.379 (4) 


C21— C22 


1.325 (4) 


C3— H3A 


0.9300 


C21— H21A 


0.9300 


04— C25 


1.358 (3) 


C22— C23 


1.455 (4) 


04— C29 


1.414(3) 


C22— H22A 


0.9300 


C4— C5 


1.364 (4) 


C23— C28 


1.380(4) 


C4— H4A 


0.9300 


C23— C24 


1.406(4) 


05— C26 


1.366 (3) 


C24— C25 


1.373 (4) 


05— C30 


1.429 (3) 


C24— H24A 


0.9300 


C5— C6 


1.375 (4) 


C25— C26 


1.406(4) 


C6— C7 


1.385 (4) 


C26— C27 


1.370 (4) 


C6— H6A 


0.9300 


C27— C28 


1.384 (4) 


C7— H7A 


0.9300 


C27— H27A 


0.9300 


C8— CI 3 


1.384 (4) 


C28— H28A 


0.9300 


C8— C9 


1.385 (4) 


C29— H29A 


0.9600 


C9— CIO 


1.378 (4) 


C29— H29B 


0.9600 


C9— H9A 


0.9300 


C29— H29C 


0.9600 


CIO— Cll 


1.373 (4) 


C30— C31 


1.494 (4) 


CIO— H10A 


0.9300 


C30— H30A 


0.9700 


Cll— C12 


1.375 (4) 


C30— H30B 


0.9700 


C12— C13 


1.377 (4) 


C31— H31A 


0.9600 


C12— H12A 


0.9300 


C31— H31B 


0.9600 


C13— H13A 


0.9300 


C31— H31C 


0.9600 


C14— H14A 


0.9600 






C16— Nl— C19 


108.3 (2) 


Nl— C16— H16B 


109.5 


C16— Nl— CI 


112.1 (2) 


C17— C16— H16B 


109.5 


C19— Nl— CI 


111.0(2) 


H16A— CI 6— H16B 


108.1 


C5— 01— C14 


117.8(3) 


N2— CI 7— C16 


110.5(2) 
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XT 1 /" 1 p o 

Nl — CI — C8 


1 1 a 0 /O \ 

112.8 (2) 


XT 1 /"• 1 P ^> 

Nl — CI — Lz 


1 in / /o\ 

110.6 (2) 


C8 — CI — C2 


1 AO 1 ZO\ 

108.1 (2) 


XT 1 /"^ 1 ill A 

Nl — LI — HI A 


1 AO /I 

1U8.4 


Lo — LI — HI A 


1 AO /I 
1U8.4 


p ~\ r i i TT1A 

Lz — LI — HI A 


1 AO yl 

108.4 


LzU — Nz — Llo 


119.6 (2) 


p s\ xto pn 

LzU — Nz — L17 


127.9 (2) 


no xto rn 
Llo — Nz — LI / 


in 1 /t\ 

llz.l (z) 


Cll — 02 — C15 


115.9 (2) 


p^7 p P ~> 

C7 — C2 — C3 


117.3 (3) 


P"7 p --> p 1 

L7 — Lz — L 1 


122.3 (2) 


p "> p ") p 1 

L3 — Lz — L 1 


1 OA 1 /"}\ 

lzU.3 (3) 


P J p -~l p -"\ 

C4 — C3 — C2 


1^1 1 /O \ 

121.1 (3) 


a 1 TT"i A 

C4 — C3 — H3A 


119.5 


C2 — C3 — H3A 


line 

119.5 


CzD — U4 — c/9 


inn /o\ 
11 /.9 (zj 


C5 — C4 — C3 


120.8 (3) 


P r /~1 A T T A A 

C5 — C4 — H4A 


119.6 


p ~> p /] T T /I A 

L 3 — L4 — H4 A 


1 in / 

119.6 


Llo — 1)5 — L30 


117.8 (2) 


C4 — C5 — Ol 


116.1 (3) 


C4 — C5 — Co 


119.5 (3) 


Ol — C5 — Co 


124.4 (3) 


C5 — Co — C7 


119.2 (3) 


f • r /~1 / US' A 

C5 — Co — H6A 


120.4 


p -7 /""I / TT/- * 

C7 — Co — H6A 


120.4 


C2 — C7 — Co 


122.1 (3) 


C^) t~'H \JH A 

Cz — C / — H / A 


118.9 


Co — C7 — H7A 


118.9 


C13 — C8 — C9 


116.9 (3) 


z" 1 1 1 /"i 0 p 1 

L13 — Lo — LI 


111 A CI \ 

121. U (3) 


p t \ p 0 pi 

L9 — Lo — LI 


111 H S1\ 

121.7 (3) 


CIO — C9 — C8 


122.5 (3) 


pi A /"^A TTA A 

CIO — C9 — H9A 


110 0 

118.8 


0 /~< a Tin a 

C8 — C9 — H9A 


1100 
118.8 


pi 1 piA f ' C\ 

Cll — CIO — C9 


1 1 A 1 

119.1 (3) 


pi 1 p 1 p. T T 1 A A 

Lll — LIU — H1UA 


120.4 


p r\ p 1 p, T T 1 A A 

C 9 — C 1 0 — H 1 OA 


120.4 


p i A P11 P 1 

CIO — Cll — C12 


1 1 A 1 \ 

119.7 (3) 


pi a pi 1 p, -N 

LIU — Lll — (Jz 


123.3 (3) 


c • 1 ^> p 1 1 p.^ 
C12 — Cll — 02 


116.9 (3) 


pi 1 pi ^ p 1 -) 

Cll — C12 — C13 


1 OA O \ 

120.3 (3) 


Cll— C12— H12A 


119.9 


C13— C12— H12A 


119.9 


C12— C13— C8 


121.3 (3) 


C12— C13— H13A 


119.4 


C8— C13— H13A 


119.4 


01— CI 4— HI 4A 


109.5 



XTO pn tti n a 

Nz — L 1 7 — H 1 7 A 


1 An n 

109.6 


/"-< 1 s~ p 1 ^7 tti n » 

C16 — C17 — H17A 


109.6 


XTO /" 1 ^ TT1 in 

N2 — C 1 7 — H 1 7B 


1 AA /" 

109.6 


p 1 p 1 -7 TTI 

C16 — C17 — H17B 


1 AA /" 

109.6 


tti n a pn TT1*7i~> 

H17A — L17 — H17B 


1 AO 1 

108.1 


\Ti p 1 0 f ' 1 A 

N2 — C18 — C19 


110.5 (2) 


XTO p 1 0 TT1 O A 

Nz — L18 — H18A 


1 A A ^ 

109.6 


p 1 r\ p 10 T T 1 O A 

C 1 9 — C 1 8 — H 1 8 A 


109.6 


XTO p 1 0 TT1 on 

Nz — L18 — H18B 


1 AA 

109.6 


p 1 r\ c ^ 10 t t 1 on 

Cl9 — CI 8 — H18B 


109.6 


TT10A p 1 0 tti on 

H18A — C18 — H18B 


1 AO 1 

108.1 


XT 1 /~i 1 A /" "• 1 O 

Nl — C19 — C18 


111.2 (2) 


X.T1 pin ui n a 

N 1 — LlV — HiyA 


1 AA A 

1U9.4 


p I () P1A TT1AA 

CI 8 — Cl9 — H19A 


1 A A /I 

109.4 


XT 1 p 1 p, T T 1 An 

Nl — C19 — H19B 


109.4 


p 1 O P I p, TTI f A I - ") 

CI 8 — C19 — H19B 


109.4 


ttiaa p 1 1\ tti nn 

H19A — L19 — HI 9b 


1 AO A 

108.0 


PiO p -» p. \ti 

03 — C20 — N2 


1 1 A -T /"> \ 

120.7 (3) 


03 — C20 — C21 


1 O A 1 /T\ 

120.3 (3) 


XTO /"IOA /"i 0 1 

N2 — C20 — C21 


1 1 A A { r \\ 

119.0 (2) 


C22 — C2 1 — C20 


1 OA O /") \ 

120.2 (3) 


C22 — C2 1 — H2 1 A 


1 1 A A 

119.9 


C20 — C2 1 — H2 1 A 


119.9 


C ' "\ 1 pti p <-> 

Lzl — Lzz — Lz3 


12/. 2 (3) 


p-) 1 p-) O TJT) A 

Lz 1 — Lzz — rill A 


1 16.4 


C23 — C22 — H22A 


116.4 


C28 — C23 — C24 


1 1 1 "7 / ^ \ 

117.7 (2) 


PTO p ^ 

Lz8 — Lz3 — Lzz 


1 1 A O /0\ 

119.8 (2) 


PO /l p-~) O P-) 0 

Lz4 — Lz3 — Lzz 


lzz. 5 (z) 


C25 — C24 — C23 


121.3 (3) 


p ^> C po a TTO^I A 

L25 — L24 — H24A 


1 1 A O 

119.3 


/-"T1 po /I TT1/I A 

Lz3 — Lz4 — Hz4A 


H9.3 


/ A A n^f p^v /I 

U4 — Lz j — Lz4 


lz4.9 (zj 


/ "\ 1 P^C p" ^ /" 

04 — C25 — C26 


1 1 5.6 (2) 


pi j p ^> r - p^/" 

C24 — C25 — C26 


1 1 9.5 (3) 


05 — C26 — C27 


125.6 (3) 


05 — C26 — C25 


114.8 (2) 


PT7 P'^/' p/lf 

C27 — C26 — C25 


119.6 (3) 


C26 — C27 — C28 


1 O A O /") \ 

120.2 (3) 


p^£ pon TTOT A 

Lzo — Lz7 — Hz7A 


1 1 A A 

119.9 


PTO pon TTOT A 

Lz8 — Lz7 — Hz7A 


1 1 A A 

119.9 


PT) p 0 P-T7 

C23 — C28 — C27 


121.6 (3) 


p -» 1 pan TTOO A 

C23 — C28 — H28A 


1 1 A O 

119.2 


C27 — C28— H28A 


119.2 


04— C29— H29A 


109.5 


04— C29— H29B 


109.5 


H29A— C29— H29B 


109.5 


04— C29— H29C 


109.5 


H29A— C29— H29C 


109.5 
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01— C14— H14B 109.5 

H14A— C14— H14B 109.5 

01— C14— H14C 109.5 
H14A— C14— H14C 109.5 
H14B— C14— H14C 109.5 

02— C15— H15A 109.5 
02— C15— H15B 109.5 
H15A— C15— H15B 109.5 
02— C15— H15C 109.5 
H15A— C15— H15C 109.5 
H15B— C15— H15C 109.5 
Nl— C16— C17 110.8(2) 
Nl— C16— H16A 109.5 
C17— C16— H16A 109.5 

CI 6— Nl— CI— C8 -60.4 (3) 

C19— Nl— CI— C8 178.4 (2) 

C16— Nl— CI— C2 178.3 (2) 

C19— Nl— CI— C2 57.1 (3) 

Nl— CI— C2— C7 47.1 (3) 

C8— CI— C2— C7 -77.0(3) 

Nl— CI— C2— C3 -135.8(3) 

C8— CI— C2— C3 100.2 (3) 

C7— C2— C3— C4 0.4 (4) 

CI— C2— C3— C4 -176.9 (3) 

C2— C3— C4— C5 0.4 (5) 

C3— C4— C5— 01 177.9 (3) 

C3— C4— C5— C6 -1-2(5) 

C14— 01— C5— C4 -179.0(3) 

C14— 01— C5— C6 0.2 (4) 

C4— C5— C6— C7 1.2(4) 

01— C5— C6— C7 -177.9 (3) 
C3— C2— C7— C6 -0.3 (4) 
CI— C2— C7— C6 176.9 (3) 
C5— C6— C7— C2 -0.5 (5) 
Nl— CI— C8— C13 143.9(3) 
C2— CI— C8— C13 -93.4 (3) 
Nl— CI— C8— C9 -44.3 (3) 
C2— CI— C8— C9 78.4 (3) 
C13— C8— C9— CIO 3.3(4) 
CI— C8— C9— CIO -168.8 (3) 
C8— C9— CIO— Cll 0.9(5) 
C9— CIO— Cll— C12 -4.2(5) 
C9— CIO— Cll— 02 174.2(3) 
C15— 02— Cll— CIO -6.2(4) 
C15— 02— Cll— C12 172.3(3) 
CIO— Cll— C12— C13 3.2(4) 

02— Cll— CI 2— CI 3 -175.4(2) 
Cll— C12— C13— C8 1.3(4) 



H29B— C29— H29C 109.5 

05— C30— C31 107.7(2) 

05— C30— H30A 110.2 

C31— C30— H30A 110.2 

05— C30— H30B 110.2 

C31— C30— H30B 110.2 

H30A— C30— H30B 108.5 

C30— C31— H31A 109.5 

C30— C31— H31B 109.5 

H31A— C31— H31B 109.5 

C30— C31— H31C 109.5 

H31A— C31— H31C 109.5 

H31B— C31— H31C 109.5 

CI— Nl— C16— C17 177.3 (2) 

C20— N2— C17— C16 132.9(3) 

C18— N2— C17— C16 -54.0 (3) 

Nl— C16— C17— N2 57.5 (3) 

C20— N2— C18— C19 -132.4 (3) 

C17— N2— C18— C19 53.9 (3) 

C16— Nl— C19— C18 60.1 (3) 

CI— Nl— C19— C18 -176.5 (2) 

N2— C18— C19— Nl -57.2(3) 

CI 8— N2— C20— 03 6.9 (4) 

CI 7— N2— C20— 03 179.5 (3) 

C18— N2— C20— C21 -171.0(3) 

C 1 7— N2— C20— C2 1 1 .6 (4) 

03— C20— C21— C22 -7.5 (4) 
N2— C20— C21— C22 170.4 (3) 
C20— C21— C22— C23 -177.3 (3) 
C21— C22— C23— C28 167.0 (3) 
C21— C22— C23— C24 -11.1(5) 
C28— C23— C24— C25 -0.8 (4) 
C22— C23— C24— C25 177.3 (3) 
C29— 04— C25— C24 -6.0 (4) 
C29— 04— C25— C26 175.1 (3) 
C23— C24— C25— 04 179.2 (3) 
C23— C24— C25— C26 -1.9(4) 
C30— 05— C26— C27 -6.0 (4) 
C30— 05— C26— C25 174.8 (2) 

04— C25— C26— 05 1.9(4) 
C24— C25— C26— 05 -177.2 (2) 

04— C25— C26— C27 -177.4(3) 
C24— C25— C26— C27 3.6 (4) 

05— C26— C27— C28 178.3 (3) 
C25— C26— C27— C28 -2.6 (4) 
C24— C23— C28— C27 1.9(4) 
C22— C23— C28— C27 -176.3 (3) 
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C9— C8— C13— C12 -4.4(4) C26— C27— C28— C23 -0.2(5) 

CI— C8— C13— C12 167.8(2) C26— 05— C30— C31 179.6(2) 

C19— Nl— C16— C17 -60.0(3) 



Hydrogen-bond geometry (A, °) 


D—R-A 


D — H 


R-A 


D-A 


D—R-A 


C17— miA-oz 


0.97 


2.44 


3.286 (4) 


146 


C22— H2Z4-03 U 


0.93 


2.60 


3.476 (3) 


157 



Symmetry codes: (i) -x, -y+2, -z+1; (ii) -x+2, -y+l, -z+1. 
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